Improving the participation of smallholder farmers in horticultural value chains to benefit from the rapidly growing demand for high value agricultural products is one strategy for raising farm income. However, smallholder farmer adoption of high value horticultural crops in Indonesian is under-researched. To address this knowledge gap, this study aims to examines the characteristics of farmers who adopted and those who did not adopt a new horticultural crop with respect to the household (farmer), farm and institutional characteristics. The unique data from a 2013 survey of 960 Indonesian farmers on Java Island that produce a variety of agricultural products was analysed using independent-sample t-tests. Basic statistical analysis showed relatively low adoption rates (10%) of new horticultural crops amongst 960 selected Indonesian farmers with different characteristics. The result showed that current low rates of horticultural crop adoption are associated with a variety of factors, such as lower levels of education among farmers, resource constraints, lack of information on horticultural crop production and low participation in farmer groups.
INTRODUCTION
Indonesia is experiencing an agricultural food market transformation, with rapidly growing demand for high value agricultural products (Daryanto et al. 2015; Reardon et al. 2015; Reardon et al. 2014) , including livestock products such as meat and dairy products and horticultural products such as fruits and vegetables. Currently, Indonesian consumers are demanding more those high value agricultural products, which indicates that diets of Indonesian consumers are becoming more diversified Reardon et al. 2014) . The rapid increase in high value agricultural products is driven by economic growth, urbanisation and demographic change in Indonesia (Reardon et al. 2015; Reardon et al. 2014 ). In addition, this rapid transformation has also been driven by emerging modern retail markets in Indonesia including minimarkets and supermarkets (Reardon et al. 2014; Minot et al. 2015; Toiba et al. 2015) .
Given this rapid transformation, promoting smallholder farmer participation in higher value horticultural chains to improve their livelihoods has become an important policy recommendation, including in Indonesian context. Horticultural crops may more profitable for farmers and may offer more lucrative market opportunities (Roy & Thorat, 2008; Schipmann & Qaim, 2009 ). There are wide range of potential benefits of promoting horticultural crop adoption among smallholder farmers both in the national and household levels. First, production of horticultural crops offers potential widespread benefits for Indonesia, which address national food security by addressing aspects such as access and availability of nutritious food (Babatunde & Qaim, 2010) . Second, horticultural crops provide potential benefits in terms of jobs creation in the community as horticultural crops are more labour intensive than other staple food crops such as rice (Joshi et al. 2006 ). In addition, horticultural crops provide sources of important micronutrients, such as vitamins and minerals (Hughes & Keatinge, 2012; Virchow et al. 2015) .
However, Indonesian smallholder farmers' participation in horticultural value chains remains low. Low participation rates raise concerns regarding whether Indonesian smallholder farmers are constrained from diversifying their production systems into horticultural crops. In addition, the dynamics of farmer adoption of horticultural crops in Indonesian context is under-researched. The broad literature on agricultural technology adoption has suggested key socio-economic characteristic influence adoption of agricultural technology. These characteristics include household (farmer), farm and institutional characteristics such as human capital, household assets, financial capital, production practice and income (Doss, 2006; Feder et al. 1985; Foster & Rosenzweig, 2010; Jack, 2011; Knowler & Bradshaw, 2007) . Thus, identifying socioeconomic characteristics of smallholder farmers would be useful in identifying strategies to facilitate technology adoption among them. Examining fam household characteristics also provides a better understanding of horticultural crop adoption by smallholder farmers.
To address this knowledge gap, this study aims to examine the current practices of horticultural crop adoption in Indonesia and highlighted the characteristics of farmers who adopted and those who did not adopt a new horticultural crop with respect to the farm household, farm and institutional characteristics. The remainder of this paper is structured as follows: Section 2 provides an overview of the household survey data collected in Indonesia and methods; this is followed by the results and discussion of results in Section 3. The summary and conclusion are presented in the final section.
METHODS
This study uses the survey data of Indonesian farmer households. A stratified random sample of 960 farmers was drawn from 96 villages across six districts in Java island: Subang, Tasikmalaya, Demak, Rembang, Tulungagung and Jombang (Suprehatin, 2015) . The random sample included farmers that produce a variety of agricultural crops including data of farmers that have adopted new horticultural crops. Basic descriptive statistical analyses, including frequencies and means, were used to describe the current practices of new horticultural crop adoption in Indonesia. This analysis covered rate of adoption and dynamics of adoption of new horticultural crops.
An independent samples t-test was used to compare sample means of adopters and non-adopters with respect to household and farm characteristics, institutional and income sources. A Two-sample t-test was used to test whether means were statistically different between two groups had a relatively similar number of household members aged between 15 and 65 years. The number of family members indicates availability of family labour that can be devoted to agricultural farming.
The main significant differences in the two groups were that farm household heads of new horticultural crop adopters and their spouses had significantly higher education than non-adopters, horticultural crop adopting farmers were also significantly younger on average. Furthermore, most adopters were experienced horticultural farmers. This means that higher levels of education and practical horticultural farming experience can be considered important factors influencing adoption of high value horticultural crops. While most household heads were literate (could read and write), the spouses of adopters' had better literacy rates than non-adopters' spouses. This difference in literacy level may help improve spouses', who were in most cases women, understanding of new technologies including new horticultural crops.
Second, in terms of assets, most farm households had access to regular electricity and water (Table  1 ). There were also similarities in terms of value of transportation and production assets between new horticultural crop adopters and non-adopters. The main difference was that most adopter households had access to a communication device or applications associated with information and communication technologies (ICTs), particularly mobile phone and Internet access. This suggests that ICTs may assist households to obtain access to information needed to produce new horticultural crops. Adopters also had higher value of storage assets for post-harvest activities of horticultural products, such as drying, sorting and grading.
Third, in terms of location, both adopters and nonadopters of new horticultural crops had similar access to asphalt roads and local markets ( Table 1 ). The main differences between the two groups were that most adopter households live in higher-level land areas (on average 293 metres) and were located further from urban markets (on average 23.35 km). This finding is in line with highland areas favouring horticultural crop production (Midmore & Poudel, 1996; Poudel et al. 1998 ).
adopters and non-adopters (where we are testing H 0 : μ 1 -μ 2 = 0 versus Ha=μ 1 -μ 2 ≠0, where μ 1 is the sample mean of adopters and μ 2 is the sample mean of nonadopters) (Black, 2009 ).
This study used respondents answers to the question "Did you start growing any crop for the first time since 2007?" to classify farmers into new horticultural crop adopters and non-adopters. Therefore, farmers who adopted a new horticultural crop between 2007 and 2012 were classified as 'adopters', while farmers who did not adopt new crops in that period were considered 'non-adopters'. Based on that classification, 101 farm households were classified as adopters and 859 farm households as non-adopters.
RESULTS
This section presents the results of the comparative analysis of the adopters of new horticultural crop versus non-adopters in Indonesia. This discusses differences between adopters and non-adopters in terms of farmer and farm characteristics, institutional factors and sources of income. As mentioned earlier, the two-sample t-test was used to examine differences in mean values among adopters and non-adopters. These characteristics were expected to provide insight to why a specific farmer adopted new horticultural crops.
Household Characteristics
Household characteristics that are often determinants of agricultural technology adoption are human capital, assets and location (Feder et al. 1985) . Table  1 presents these household characteristics and results of a difference test using the two-sample t-test on the variables.
First, in terms of human capital, the average age of all respondents was 51 years (Table 1) . This is parallel to the current national agricultural census (Sensus Pertanian) data, which shows that 28% of farmers are aged between 45 and 54, 26% (between 35-44), 20% (between 55-64), 13% (above 64), 12% (between 25-34) and 1% (below 25) (BPS, 2013). On average, both adopting and non-adopting head of households completed primary school. All farm households in the 
Farm Characteristics
This section focuses on farm characteristics in order to explore how adopters of new horticultural crops differ from non-adopters. Existing literature shows that farm characteristics, including farm size, land tenure, and cost of technologies, are important factors influencing agricultural technology adoption (Feder et al. 1985; Rogers, 2003; Doss, 2006) . Table 2 shows a comparison of farm characteristics of adopters and non-adopters of new horticultural crops and highlight the practices of production, input use and harvesting. New horticultural crop adopters rented significantly more land than non-adopters. As explained above, approximately 8.0% of the land used for planting new horticultural crops was rented land. In addition, in terms of diversification, farm household adopters were more diversified in the farming system. Adopters were also more diversified within horticultural crop production. This suggests that they tend to allocate land to different horticultural crops, presumably to meet continuous growing demand from markets for multiple horticultural products.
Another difference between adopters and non-adopters of new horticultural crops in Indonesia is that spouses of adopters in this study had less engagement with the household's horticultural crop production. This finding is contrast to recent studies, which highlight that women play a crucial role in horticultural development (e.g. Maertens & Swinnen, 2012; Virchow et al. 2015) . For example, Maertens and Swinnen (2012) found that women benefit more and more directly engage to labour market as hired employees in Senegalese horticultural chains. This finding also indicates that it is important to consider whether there is a need for specific horticultural production training programs for women in order to improve their skills. However, the study does not know whether women would want to participate in horticultural production training programs -they may well be choosing not to participate in this aspect of the household agricultural enterprise for reasons other than not having the relevant skills.
Second, in terms of production costs. Table 2 shows production costs of farming activities. Total input costs were not significantly different between new horticultural crop adopters and non-adopters. However, the average total input costs of adopting farmers were relatively higher than non-adopting farmers, 8.78 versus 7.28 million Rupiah, respectively. Both new horticultural crop adopters and non-adopters spent relatively the same amount of money on chemical inputs, such as fertiliser and pesticide.
Adopters used more hired labour and spent more on purchasing seeds compared to non-adopters (Table 2 ). Another interesting difference was that new horticultural crop adopters spent slightly more on organic fertiliser and bio-pesticide. This is in line with initial information gathered from the scoping study interview that there were an increasing number of horticultural producers concerned about food safety and that there is growing market demand in Indonesia for horticultural products that are organic or grown using low input spray techniques Wahida, 2015) .
Third, in terms of harvesting characteristics, on average, there were no significant differences in the total value of crops harvested and sold (or crop revenue) by households. However, the average value of crops produced per hectare was significantly higher for adopters of horticultural crops (Table 2) . This is perhaps not surprising considering that value of horticultural crops per hectare is generally higher than staples, however, increased revenue may be offset by relatively higher costs of seed and fertiliser per hectare as discussed in the previous section paragraph.
In terms of trader-harvester contracts or tebasan systems (defined as a contract harvesting system whereby crops are sold prior to harvest by the farmer to a middleman (trader), who employs contract workers to complete the harvest (Manning, 1988; Naylor, 1992) ), no statistically significant difference were found between adopters and non-adopters of new horticultural crops (Table 2) . However, adopting farmers were more likely to enter into such a contract than non-adopting farmers as indicated by percentage of farm households with experiencing sold in tebasan system for horticultural products at 23 and 13%, respectively. Based on interviews with key informants in the study areas, farmers chose to enter trader-harvester contracts due to constraints regarding hired labour to complete harvest and conduct the postharvest handling. Another reason for entering this contract is to receive payment from the buyer (trader) before harvest or upon delivery (Wahida, 2015) .
Institutional Factors
Existing literature shows that institutional factors, such as producer organisation involvement and access to information were considered important variables that may increase rates of adoption (Feder et al. 1985; Doss, 2006) . Table 3 presents a comparison of institutional factors.
New horticultural crop adopters had a significantly higher rate of participation in extension programs, such as horticultural production and farmer field of school of good agricultural practices (FFS GAP) for horticultural crop training programs, as compared to non-adopters. The training programs include assistance on how to produce fruits or vegetables in order to meet food safety standards. This suggests that a lack of information and knowledge about horticultural farming practices could be an obstacle to the adoption of horticultural crops. Furthermore, a significantly higher proportion of adopters were involved in farmer groups or cooperatives. This involvement perhaps offers opportunities for training programs including training related to horticultural crop production. In addition, previous studies show that involvement in producer groups could influence farmers to adopt a new agricultural technology (Matuschke & Qaim, 2009; Abebaw & Haile, 2013) .
Income Activities
This section provides details on the household income characteristics of adopters and non-adopters of new horticultural crops. It is important to explore the contribution of each source of income in order to consider possible economic benefits of agricultural technology adoption. Table 4 presents a comparison of income sources of adopters and non-adopters, including farm and non-farm activities. In this study, farm activities include income from growing agricultural crops (horticulture, estate and other staple food crops), livestock activities, and aquaculture activities. Nonfarm activities include all other activities which garner household income, as shown in Table 4 .
For both adopters and non-adopters, the main source of income for both groups was from agricultural activities.
No statistically significant differences were found between the net household incomes new horticultural crop adopters and non-adopters (Table 4 ). The share of total net household income from agriculture was similar for both groups. The only significant difference was that recent horticultural adopters had a higher net income from horticulture crops.
Both adopters and non-adopters of new horticultural crops also generate income from non-farm activities: trading and enterprises, agricultural wage labour, nonagricultural employment, pension, remittances from family members, assistance programs, and other sources of income (Table 4 ). Overall, the average household income from these activities was not statistically different across the two groups. Interestingly, no farm households in this study indicated that they received assistance from programs, such as subsidies from the Indonesian government or other non-governmental and civil society organisations. 
Managerial Implications
Indonesian smallholder farmers have an opportunity to respond to the rapid growth of high value horticultural market by adopting new horticultural crops such as fruits and vegetables. To address the smallholder farmers' constraints regarding horticultural crop adoption, therefore, more intensive support is needed to promote greater participation of Indonesian smallholder farmers in horticultural value chains. This can be achieved, for example, by enhancing communication between agricultural extension agents and farmers to potentially improve information and training about horticultural crop production. In addition, smallholder farmers need to be encouraged to participate in producer organisations, such as a farmer group or cooperative.
CONCLUSIONS AND RECOMMENDATIONS

Conclusions
This study identified relatively low adoption rates (10%) of new horticultural crops amongst the 960 selected farm households from six districts across Java Island. In relation to the relatively low adoption rate of horticultural crops, results of basic descriptive statistical analysis suggest that existing householdlevel characteristics may be constraining factors for farmers to adopt new horticultural crops. Non-adopters are relatively older, less educated, and less diversified in their farming systems. They are also less likely to own mobile phones and to have Internet access. In general, they also lack information and training with regards to horticultural crop production methods. In addition, results show that many non-adopters were not participating in producer organisations, such as a farmer group or cooperatives -in Indonesia, these types of organisations are often used to disseminate information about new technologies as well as the technology, including seeds. Another finding of this study revealed significant difference between adopters and nonadopters in terms of non-horticultural income.
Recommendations
Future research may be extended using rigorous econometric analysis to examine the determinants of horticultural crop adoption among farmers in Indonesia and adding other important characteristics such as technology attributes. In addition, further research may also be conducted to analyse the impact of farmer adoption of horticultural crops on farm household welfare.
